Although functionally referential signals have been extensively studied, largely in mammals (e.g., nonhuman primates, see Cheney and Seyfarth (1988) ; mongooses, see Manser et al. (2002) ; and other ground-dwelling species, see Blumstein and Armitage (1997) , other social taxa such as birds would similarly benefit from the use of referential signals. We therefore investigated alarm calling in the cooperative noisy miner (Manorina melanocephala), a species that has been anecdotally recorded producing aerial alarms to flying predators and empirically recorded generating terrestrial alarms to ground-based threats. For these signals to be truly referential however, they must meet 3 criteria. First, calls must be structurally distinct, a requirement that these 2 call types meet. Second, calls must be stimulus-specific and reliably associated with a given stimulus. We tested this on free-living birds by exposing them to a simulated aerial predator that was either in flight or subsequently perched and thus presented one of the first studies on functionally referential alarm systems where both aerial and terrestrial alarm calls have been tested. Miners only produced aerial alarms while the stimulus was in flight, switching to terrestrial alarms once it landed. Third, referential signals must elicit different escape responses that are "appropriate" to the associated threat. Under field conditions, aerial alarm playback alone provoked an almost instantaneous response of fleeing to vegetation cover, whereas terrestrial alarm playback elicited significantly slower responses by receivers and an increase in scanning behavior. During laboratory experiments, aerial alarms stimulated birds to spend more time looking upwards, whereas terrestrial alarm calls stimulated individuals to scan perpendicularly, as expected if these stimuli provided information on likely predator location. Although other avian taxa have been shown to use referential alarm signals, this system provides novel evidence of referential calls based on the behavior rather than the type of predator, providing a highly adaptive means of communicating risk to other members of the social group in this cooperative species.
INTRODUCTION
Once thought to be uniquely human (Leavens et al. 2004) , the ability of individuals to refer to entities within the external environment using acoustic signals has now been identified in many mammalian species and some avian species. These calls are termed functionally referential as they seemingly convey information to receivers regarding a given entity within the environment (Leavens et al. 2004) . Consequently, referential signals can be associated with the presence of food, group, or nongroup members within a given territory or even predators. In the instance of predatorbased alarm calls, 3 criteria must be met in order for the signal to be deemed functionally referential . First, the calls should be acoustically distinct from other vocalizations within the given species repertoire (Gill and Sealy 2004) . Second, it must be reliably associated with external stimuli and provoke responses similar to those elicited by the signal-inducing stimulus, even when the signal is presented in the absence of other cues or the predator itself (McRae and Green 2014) . Finally, each referential alarm signal must elicit a different escape response from receivers that is congruent with the associated threat (Evans and Evans 2007; Marler et al. 2008) . For example, if the call produced is associated with the presence of a terrestrial threat, then one might anticipate that a receiver would respond by moving high into surrounding vegetation or take flight. Predation is known to be one of the greatest selective factors on animal behavior (Leavens et al. 2004) and is thought to select for signals that maximize the ability to convey information and thus affect receiver behavior in a manner specific to a given behavioral context (Ausmus and Clarke 2014) . As a result, the majority of research regarding the presence of functionally referential signals in species has focused on alarm calls (Suzuki 2016) .
Theories initially proposed to investigate the production of alarm signals focused primarily on the sender and referred to the idea that a signal's acoustic properties reflect a signaler's motivational state. These types of calls are known as "urgency-based" alarm calls (Hare 1998; Ausmus and Clarke 2014) and are particularly common in species that live in relatively open habitats, such as ground-dwelling rodents where all predator types (e.g., foxes, hawks) elicit similar responses such as running back to the safety of a burrow (Blumstein and Armitage 1997) . In such species, where to travel is not of importance, yet how much time taken to escape is critical (Owings and Hennessy 1984; Macedonia and Evans 1993) . However, different predator species and indeed even individuals within a species may utilize different tactics to hunt prey. Consequently, potential prey can likely improve their fitness by responding facultatively to a given predatory hunting tactic through the use of functionally referential alarm signals.
In contrast to urgency-based alarm calls, functionally referential alarm signals can not only provide the receiver with information concerning the urgency of a possible attack (i.e., how quickly to respond) but also information as to how the animal should respond, such as whether it should run to dense vegetation or climb a tree to adequately escape. For example, vervet monkeys (Chlorcebus pygerthrus), upon hearing a conspecific's "bark" signal (given in response to leopards, Panthera pardus), run into the trees, whereas the monkey's "chutter" (snake signal) causes receivers to adopt a raised posture and scan the surrounding ground area for a potential predator (Cheney and Seyfarth 1988; Townsend and Manser 2012) .
Although historically it has been assumed that functional reference is linked to high cognitive abilities (Dunbar 1992) , such as those seen in nonhuman primates (Cheney and Seyfarth 1988) , recent research implies that sociality may well select for complex vocal communication (Acedo-Carmona and Gomila 2016) . This is because group living can create a more challenging environment for individuals than solitary living, due to the greater likelihood of potentially deceptive aspects associated with communication. Given this, referential signaling could be hypothesized to be more likely in socially complex species no matter the taxa, than those species that live either solitarily or in large groups (Acedo-Carmona and Gomila 2016; Roberts and Roberts 2016) .
Noisy miners (Manorina melanocephala) are known to possess one of the most complex avian societies, with colonies of more than 100 individuals that can all interact on a regular basis. Both kin and nonkin regularly cooperate across a wide array of social activities, including the mobbing of predators and provisioning of young raised within the colony (Dow and Whitmore 1990; Higgins et al. 2006) . Additionally, the birds are comparatively long-lived to other avian species, with an average lifespan of 6.8 years for females and 8.7 years for males (Dow 1979) , enabling prolonged periods for social interaction by either remaining in their natal colony their entire life (males) or following one dispersal movement at the end of the first year before becoming stationary thereafter (females; [Põldmaa et al. 1995] ). Not only has the species proved highly amenable to testing in controlled laboratory conditions (McDonald 2012) , they are also anecdotally known to produce 2 distinct alarm calls. These alarm calls are have been putatively associated with a specific stimulus but never formally tested-aerial alarm calls given in response to a flying predator such as a raptor and terrestrial alarm calls that are elicited by perched raptors and terrestrial predators such as mammals (Kennedy et al. 2009; Holt et al. 2017) . Further, these alarm calls differ statistically in their spectral and temporal properties and are therefore structurally distinct (Holt et al. 2017) . Thus, while the possibility of referential signals exists, what is as yet unknown is whether call production and receiver responses vary according to whether aerial alarm or terrestrial alarm calls are heard.
We therefore aimed to test if noisy miners do possess a functionally referential alarm system. If this is the case, we first hypothesized that the signalers' would produce aerial alarm calls in response to airborne predators only and produce terrestrial alarm calls in response to ground-based and/or perched predators. Our second hypothesis was that these 2 alarm calls alone would elicit different behavioral responses upon playback, independent of any other stimuli (such as a predator model) and independent of any learnt response to an individual's call (assessed by comparing receiver responses to calls from both familiar and unfamiliar signalers).
METHODS

Study sites and subjects
Vocal recordings and playback experiments were carried out sourcing subjects from 2 discrete colonies of noisy miners in the New England Region (Armidale, New South Wales, Australia). The first colony was located in the camping grounds at Dumaresq Dam, 10 km northwest of Armidale (30°30'S, 151°40'E). The area has high water abundance and a near continuous presence of recreational visitors. In contrast, the second site, at the University of New England (UNE) Newholme Field Research Station (30°25'24''S; 151°38'38''E) has a minimal human presence associated with moderate intensity sheep farming. Colonies at Newholme Station and Dumaresq Dam were tested due to birds being largely individually marked with leg bands (Barati et al. 2016) . All sites consisted of dry, open woodland vegetation with large eucalypt overstory and sparse understory vegetation (e.g., Barati et al. 2016) . Typical predators in all sites included aerial threats (such as brown goshawks, Accipiter fasciatus, and peregrine falcons, Falco peregrinus) and terrestrial predators, including a range of mammals (feral cats, Felis catus, and foxes, Vulpes vulpes) and snakes (red-bellied black snakes, Pseudechis porphyriacus, and eastern brown snakes, Pseudonaja textilis) (L. F. F., personal observations).
Experimental designs
Three experiments were conducted on 2 wild populations to identify if noisy miners met the remaining criteria (wherein each signal must elicit a different escape response) of functionally referential alarm signals. The first experiment used wild birds for the presentation of a predator model to quantify what alarm calls are produced by signalers in response to aerial versus terrestrial threats. Second, playback experiments were used in the field to test response time and behavior of receivers to the different alarm call types and how these responses altered when the caller was familiar as opposed to unfamiliar to receivers. To test if head orientation is consistent with predator type (i.e., aerial predator-look up), wild birds were temporarily brought into captivity to be tested inside a sound booth.
Experiment 1: Are the type of alarm signals produced stimulus-specific?
Field experiments were carried out from the 15th December to the 17th December 2016. Individual noisy miners were located at both sites and approached by 1 observer to within 10 m. The observer then remained motionless for 1 min to allow the focal bird to become accustomed to their presence, whereas a second observer noted the behavior of the focal bird, including whether it vocalized within the 4 s prior to the trial and how many other noisy miners were present within 20 m. After this time, the first observer threw a hat (stimulated predator model) vertically into the air while counting how long (~4 s) the hat was airborne for as to leave it grounded for a further 4 s to ensure a balanced experiment. During this time, the second observer recorded what call types were produced when the glider was in the air versus grounded, how many syllables each call type possessed and if audience members participated in vocalizing. To control for environmental factors influencing signal production and also due to the limitations of the foam glider itself, the experiment was confined to days with light winds and no rain.
Experiment 2: Does receiver flight response alter between alarm call types?
Acquisition of playback material and call sampling
Recording of aerial alarm calls and terrestrial alarm calls from birds at the Newholme Farm and Dumaresq Dam colonies was carried out between late February and August 2015 using focal sampling (Altmann 1974) . Both sites were typically visited 6 times per week, with the duration of each visit averaging 4 h. Only banded birds were recorded to ensure birds of known familiarity and age were sampled. Vocalizations were recorded at 44.1 kHz with a 16-bit accuracy using a portable Professional Solid State Recorder (Marantz PMD661) and a Sennheiser Shotgun microphone (ME67) protected by a fur windshield (Rycote Softie, UK). A second, tieclip attachable microphone (Sony ECM -44B, Australia) was used to simultaneously dictate observations, including; bird identity, call type, date, location, and any stimuli that appeared to provoke a given response, such as a raptor circling overhead for example. Calls were recorded opportunistically but were also elicited by either throwing a hat vertically in the air at a minimum of 2 m from the focal bird (stimulated aerial alarm call production) or by the observer moving slowly toward the focal bird (no closer than 2 m; typically elicited terrestrial alarm calls). Additionally, terrestrial alarm calls were also obtained through placement of a freeze-dried carpet python (Morelia spilota) at varying distances (3-7 m) from artificial feeders used in Experiment 2. Focal birds were given 10 min to respond to stimuli with vocalizations, at which point, if no calls were elicited or the focal bird moved out of sight, sessions were terminated. Raven 1.5 (Cornell Laboratory of Ornithology) was used to process and sample raw recordings for analysis. Alarm calls of noisy miners are monosyllabic calls that are given in repeated, rapid successions. They are not continuous and instead are often divided into "bouts" by irregular pauses. In this instance, bouts are groups of calls separated by pauses of at least twice the mean of the call unit length (e.g., 0.42 s for terrestrial alarm calls, see [Kennedy et al. 2009] ).
All bouts recorded were viewed so that only those calls with a high signal: Noise ratio (e.g., free of other bird calls or excessive wind) were used for playback. To ensure against pseudoreplication (McGregor 1992), 11 birds from Dumaresq Dam and 10 birds from Newholme Farm had their aerial (n = 21) and terrestrial (n = 21) alarm calls recorded, with a minimum of 25 calls per bird per call type sampled. The aerial alarm calls were played in doublets for 3 series, while terrestrial alarm calls were played as singles for 6 series to ensure for consistency across both treatments (Figure 1 ). This ensured that call rate was constant and enabled us to test the effects of call type independently of call rate. Spectrograms were constructed with a Hamming window function at a sample rate of 1024, 3 dB bandwidth filter at 61 Hz and overlap set to 94%, with amplitude standardized across treatments. Gray scale represents a 52 dB range.
Experimental protocol
Two weeks prior to the experiments, birds were habituated to eating Madeira cake (Woolworths Select Madeira Cake; 2.2 g protein, 7.2 g fat, 23.4 g carbohydrates, and 5.4 g sugar per 45 g serving) placed at artificial feeders located within colonies as outlined above. Feeding allowed for a more reliable presence of birds during the experiment and also ensured the predator models would be readily detected by individuals (Suzuki 2016) . In an attempt to control for visual cues between individuals affecting response to playback, focal birds were only tested if they were a minimum of 5 m from other individuals (such as those gathering in nearby trees). Once birds were habituated to the feeders recording equipment was set up using the layout depicted in 
Data scoring
Responses scored were peck rate toward food (number of pecks per 10 s before playback), time it took the bird to respond to playback stimuli (e.g., to turn the head in direction of the appropriate speaker), and peck rate in the 10 s postplayback. A third camera was placed above the feeder to supplement field notes of each response. Each feeding tray had 2 black lines that indicated where the speakers were in relation to the feeder to assist video scoring post-trial. A fourth camera (Canon 1200D DSLR) took a wider field of view and was used to aid the observer in noting if food abandonment occurred postplayback and the time that this took in frames per second. When the focal bird was alone at the feeder, either speaker 1 or 2 was randomly selected to playback the aerial or terrestrial call of either a familiar (same colony as focal bird) or unfamiliar caller recorded from another colony. The observer noted if the bird abandoned feeding in the 10 s postplayback, while later blind analysis of footage (Final Cut Express, Apple, CA) provided response times seconds. Only 2 focal birds per feeder were tested per day and a total of 5 feeder locations per colony were chosen. Additionally, order of presentation was rotated for call type and familiarity across locations to ensure a balanced design.
Experiment 3: Does receiver observational response differ between alarm call types?
Experimental protocol and animal husbandry These laboratory playbacks tested a total of 36 birds for aerial alarm call responses and 36 birds for terrestrial alarm call responses. Birds were caught using either walk-in cage traps or mist nets from the Newholme or Dumaresq Dam colonies. Each bird had its bands recorded and as they were being monitored closely for another research project (Barati et al. 2016 ) only adult, nonbreeding males were used to avoid disturbance to any potential breeding activity underway and to avoid any "mistakes" due to the inexperience or naivity of younger birds influencing results (Hare and Atkins 2001) . Although adult females might respond differently, this seems unliekly given that they utilize the same alarm call vocalisations as males (Holt et al. 2017) . Bird body mass was recorded using Scout Pro Scales (O'Haus; nearest gram), so that receiver condition could be accounted for when assessing responses. The birds were then transported back to the University of New England and kept under the following general housing conditions (i.e., 1 bird per 76 × 45 × 45 cm cage, with Wombaroo Nectivore wet-mix supplied ad libitum in conjunction with either Madeira cake or mealworms for no more than 3 nights per group of birds). All birds were given a night to adjust to laboratory conditions, after which time they were used in trials. Birds were last used in trials at least 2 h prior to their release, with all birds released at their point of capture during periods of benign weather, with at least 2 h of daylight remaining. These animal husbandry methods have been successfully used with this species previously (McDonald 2012).
Playback procedure
A sound booth (Acoustical Design PL, Australia) was set up with a 76 × 45 × 45 cm cage placed between 2 speakers (Advent AUS70, Advent). In the cage was a single wooden rod so that individuals were perched perpendicular to the speakers, with 25 g Madeira cake and 25 g mealworms supplied along with Wombaroo Nectivore mix ad libitum. Once birds had been in the sound booth for a minimum of 20 min, individuals were played back 1 of 4 different stimuli, either 1) the terrestrial call of a familiar bird from the same colony (n = 18), 2) the terrestrial call of an unfamiliar bird from a different colony (n = 18), or 3) the aerial call of a familiar bird (n = 18), or finally, 4) the aerial call of an unfamiliar bird (n = 18). These calls were always "unreliable," in that predators were never presented to the focal animal, ensuring responses were restricted to information supplied in the signal only. A camcorder (Panasonic HC-V270 Japan) was placed above the cage looking down, allowing quantification of how quickly the bird changed its head orientation, with birds looking in either a perpendicular (bill held horizontal to the floor, scanning the surroundings) or vertical position (bill orientated upwards toward camera/ceiling of booth). The time (seconds) the bird spent with its head orientated in either direction, postplayback, were quantified in conjunction with the degree (°) to which the head had turned between preplayback and postplayback periods.
Analysis of video-recorded responses
Scoring of all video footage was done so blind to the treatment, with the degree to which the bird orientated measured using Pixel Stick on a 15 inch MacBook Pro Laptop with OS X Yosemite (version 10.10.2). Final Cut Express was used to measure duration of initial head turn (seconds), time between first and second head turn (seconds), number of head turns 20 s postplayback and maximum head turn angle and duration during 20 s postplayback.
Ethics note
Ethics approval was granted by the University of New England's Animal Ethics Committee (AEC13-142). Banding of the birds was conducted under the license (SL100314) provided by the National Parks and Wildlife Service and in accordance with the Australian Bird and Bat Banding Scheme (A2259). Animals were housed, cared for and released under the committee's guidelines, with no injuries or deaths recorded during the experiment.
Statistical analysis
All statistical analyses were carried out in R (version 3.1.2, [R Core Team 2015]), using the package "lme4" (Pinheiro et al. 2014 ) with significance testing performed with an α of 0.05. In Experiment 1, a linear mixed model (LMM) with the following fixed effects of location: Dumaresq dam or Newholme Farm and stimulus type: control or treatment presented and the dependent variables of call type and number of syllables (aerial vs. terrestrial). These effects were tested with a Gaussian family LMM with an "identity" link function. A likelihood ratio test (LRT) was then used to assess the significance of each effect by individually dropping terms from the model. Once these effects were determined, averages were calculated using the package "plyr" (Wickham 2011 ). In Experiment 2, the influence of familiarity and call type on response speed following playback (measured in video frames per second) was tested using a generalized linear mixed model (GLMM) with a Gaussian Link Function, with the fixed effects of call type, familiarity, sex, and location. These factors were removed sequentially and the significance of removing them from the model tested using a LRT. A 2 × 2 contingency table, with a Yates Correction for Continuity, was also used to test if call type (terrestrial or aerial) or familarity (unfamiliar or familiar) led to the focal bird being more likely to leave the feeding station in the time following playback. One bird failed to respond to terrestrial alarm call playback at all and was therefore dropped from the analysis.
For Experiment 3, bird individuality (some birds may simply look up longer than others), weight (potential stress/response to predator calls might be linked with receiver condition), and location (though unlikely, it is possible that one colony may be prone to looking up and/or in a perpendicular direction more than the other) were all controlled for by entering these as random effects in a GLMM. Bird orientation was the dependent variable and was tested by comparing the initial degree to which the birds beak was turned with the resting position of its beak (using Pixel Stick). The laboratory conditions allowed for a number of factors to be fixed, including volume of the signal, environmental noise, bird distance from the speaker, and the time given to the focal bird for habituation to the sound booth. LRTs were used to determine if the birds significantly differed in the amounts of time they spent looking perpendicular when they heard terrestrial alarm versus aerial alarm calls.
RESULTS
Experiment 1: Are the type of alarm signals produced stimulus-specific?
The response of individuals to the presence of the flying glider was as expected if the aerial alarm and terrestrial alarm calls are indeed referential signals. Aerial calls were only ever given by subjects while the glider was in flight (Figure 3) . Conversely, immediately after the hat had landed on the ground and was stationary, in every case, focal birds switched from giving aerial alarm to terrestrial alarm calls, consistent with the former being linked to airborne predators and the latter being directed toward ground-based or perched predators (Figure 3) . This difference in call type relative to period (i.e., prestimulus, in air, on ground) was found to be significantly different (x 2 2 = 111.48, P < 0.05).
Experiment 2: Does receiver flight response alter between alarm call types?
The escape responses elicited by the different alarm call types support the criteria for functionally referential signals, with familiarity of the signaler also identified as having a significant impact on receiver response. Overall a significant interaction was found to exist between call type and familiarity (χ 2 7 = 13.5, P < 0.05; Figure 4 ). Familiarity was further found to have a significant influence on the likelihood of an individual exhibiting a flight response postplayback (χ 2 6 = 25.9, P < 0.05), with focal birds more likely to abandon food for a terrestrial alarm call if the signaler was familiar than if the signaler was unfamiliar. Call type also had a significant impact on receiver behavior, with aerial alarm calls found to elicit rapid responses that resulted in food abandonment every presentation. In contrast, terrestrial alarm calls did not cause flight responses in 6 out of 19 birds, with response times also being significantly slower than those of aerial alarm calls (χ 2 6 = 23.4, P < 0.05).
The direction of bird orientation altered in an appropriate manner according to the alarm call type played back. Birds orientated with their beaks perpendicular to the ground significantly more often following exposure to terrestrial alarm calls than they did for aerial alarm calls (χ 2 6 = 53.4, P < 0.05; Figure 5 ). Additionally, when Change in alarm call rate between control and treatment trials. The average number of aerial alarm calls versus terrestrial alarm calls produced by noisy miners (n = 30 per treatment type) in response to stimulus presentation. Aerial stimulus was a glider in-flight, with terrestrial calls produced once the glider had landed (thus becoming a terrestrial threat). The number of aerial alarm calls produced when the glider was in flight was found to be significantly higher (x 2 1 = 29.69, P < 0.05) than when the glider was held (control). In contrast, the number of terrestrial calls produced when the glider had landed was significantly higher than when the glider was in flight (x 2 1 = 5.6364, P < 0.05). Response times of focal birds to alarm call playbacks. Response times (in frames per second) for unfamiliar callers compared to the response for familiar callers over the 2 call types: aerial alarm calls and terrestrial alarm calls. Where birds exposed to unfamiliar aerial alarm calls (n = 10) and terrestrial alarm calls (n = 10) had significantly slower response times, than those birds exposed to familiar aerial alarm calls (n = 10) and terrestrial alarm calls (n = 10).
exposed to aerial alarm calls, birds spent significantly longer looking up than they did for terrestrial alarm calls (χ 2 6 = 31, P < 0.05; Figure 5 ). Birds were also observed to adjust body posture according to alarm call type, with aerial alarm calls typically provoking receivers to "crouch" down on their lower appendages, while terrestrial alarm calls resulted in a more upright posture, than that seen during the aerial alarm call playbacks, as individuals scanned their surroundings. These responses are as one would predict if aerial alarm calls reliably indicated the presence of an aerial predator overhead and the terrestrial alarm call to grounded/perched predators.
DISCUSSION
Terrestrial alarm calls of noisy miners have been studied and shown to be correlated with the detection of ground or perched predators (Kennedy et al. 2009; Magrath and Bennett 2012) and, although aerial alarm calls have regularly been identified as an important part of predator-prey interactions in noisy miners (Wood et al. 2000; Magrath and Bennett 2012) , to date studies have not demonstrated that this call was specifically restricted to aerial predators in flight. Through a series of 3 different experiments, we have empirically demonstrated that noisy miners produce specific alarm calls in given contexts and further that these acoustic signals alone elicit functionally adaptive responses in receivers. In accordance with Holt et al. (2017) , our data support a functionally referential alarm system in the noisy miner through demonstrating that they meet all 3 criteria for functional reference. This adds to previous studies that have identified this trait in vertebrates (such as [Cheney and Seyfarth 1982; Pereira and Macedonia 1991; Griesser 2008] ) and establish the noisy miner alarm call system as not only functionally referential, yet one of the few instances where behaviorspecific responses have been demonstrated in an avian taxa. Below we outline how the results of the experiments satisfy each of the 3 criteria required for a signal to be classified as functionally referential .
The alarm signals are stimulus-specific
In the first experiment of this study, presentation of a stimulus similar to a gliding raptor established a direct association between aerial stimuli and aerial alarm call production by noisy miners. Although previous research has established that the aerial alarm call and terrestrial alarm calls are structurally distinct (Holt et al. 2017) , the experiment herein demonstrates that their production is tied to specific stimuli that matches definitions of their acoustic repertoire. Specifically, aerial alarm calls are restricted to the presence of an aerial predator such as a raptor, whereas terrestrial alarm calls are elicited by terrestrial predators or perched raptors (Kennedy et al. 2009; Holt et al. 2017 ; this study). Given that these vocalizations match our observations in the field (e.g., Kennedy et al. 2009; Holt et al. 2017) , it is likely that the noisy miners in this study perceived the glider in-flight as a potential predator and altered their alarm call appropriately when the threat-type changed following it landing.
Although some species, such as the yellow mongoose (Cynictis penicillata; Roux 2007) have urgency-based alarm signals, other species, such as vervet monkeys and herein noisy miners, produce acoustically distinct alarm calls that evoke reactions (both in terms of urgency and escape tactic) in receivers that are appropriate for the associated threat (Wheeler 2010; Holt et al. 2017) . These signals are stimulus-class specific, with the terrestrial alarm call of noisy miners, consisting of loud, repeated syllables that are identified to terrestrial threats (e.g., fox, V. vulpes) that hold little danger for an alert adult. In contrast, the aerial alarm call appears to be adaptive against avian predators that are swift and more likely to predate on adult individuals (Dow 1979) , thus requiring a fast response from receivers to mitigate this threat.
The work conducted here correlates with founding research in primates and some birds that has found that signalers may produce structurally distinct alarm calls when encountering different classes of predators. This suggests that signalers adaptively select to produce alarm calls in order to alter the behavior of a neighbor as a result of a detected threat within their environment. The evidence presented in Experiment 1 indicates that noisy miners produce stimulus-specific alarm signals and thus, this highly social species meets the first (structurally distinct) and second criteria (escape response dependent on call type) for possessing a functionally referential alarm system.
The different alarm calls elicit different, and appropriate, escape responses
In Experiment 2, the field test for receiver responses, noisy miners demonstrated the ability to alter their behavior according to Head orientations of focal birds upon alarm call playbacks. Noisy miners (Dumaresq dam n = 19, Newholme farm n = 17) spent more time looking perpendicular upon hearing terrestrial alarm calls, than they did when hearing aerial alarm calls (x 2 6 = 53.4, P < 0.05; Figure 5 ). Upon hearing aerial alarm calls, the same cohort spent more time looking up than they did when they heard terrestrial alarm calls (x 2 6 = 31, P < 0.05; Figure 5 ).
changes in the alarm call type broadcast. Individuals exposed to aerial alarm call playbacks from both familiar and unfamiliar signalers turned their head toward speakers significantly more quickly and were more likely to abandon food than when exposed to terrestrial alarm calls. Additionally, where the bird travelled to also altered with call type: with aerial alarm calls provoking individuals to leave the relatively exposed feeder and fly to nearby vegetation, the safest response to an actual aerial predator being in the vicinity. In contrast, the terrestrial alarm call elicited a significantly slower response that was less likely to end in the bird leaving the area. This is commensurate with terrestrial alarm call role in facilitating mobbing behavior and the reduced risk that terrestrial predators pose to an adult noisy miner. As previously mentioned, familiarity was also manipulated during the experiment, and this intriguingly revealed that noisy miners responded more efficiently to signals from familiar individuals than signals from unfamiliar callers that they would not have heard previously. Past research has demonstrated that noisy miners are capable of differentiating between the signals of 2 individuals, even when both are unfamiliar (McDonald 2012) , suggesting that if there is indeed a referential meaning embedded in these alarm calls then it is likely to be detectable by unfamiliar birds from nearby colonies. Perhaps the known caller is perceived as more reliable, in that previous interactions with that individual may well have reinforced the link between an individual's signal and predator presence, although this remains to be investigated. Regardless, through the use of alarm call playbacks, Experiment 2 was successfully able to quantify a difference in escape responses of receiving noisy miner birds, to aerial alarm versus terrestrial alarm calls, under field conditions.
The different alarm calls elicit different, and appropriate, observable responses
To support our findings, we conducted additional experiments under standardized conditions in a sound booth so that we could measure subject responses in isolation. While the birds were unable to exhibit flight responses, they still altered their behavior in the 20 s postplayback as expected under a referential signaling communication system. When exposed to aerial alarm calls, individuals spent more time orientating so that their heads were looking upwards and their bodies crouched toward the bottom of the branch closer to the ground. Comparatively, for terrestrial alarm calls, noisy miners would stand in a more upright position on the perch and look around the sound booth-primarily in direction of whichever speaker played back the terrestrial alarm call. Again, this is similar to the behavior of free-living individuals that are attracted to other terrestrial alarm calling birds and orientate, and even move, toward the stimulus (Kennedy et al. 2009 ).
Consequently, the data obtained in Experiment 3 provide support for the presence of a functionally referential alarm system in noisy miners, with all 3 criteria for a referential system met, even in the absence of contextual cues provided by the nonvocal behavior (such as head orientation) of senders. Despite increasing interest in the communicative systems of social animals, the majority of research regarding referential alarm systems has focused on mammals, with only several avian species studied (e.g., Bugnyar et al. 2001; Gill and Sealy 2004; Templeton et al. 2005; Evans and Evans 2007; see Suzuki 2016 for a review). Therefore, in accordance with these studies, we demonstrate the presence of a functionally referential alarm system in a social avian species and, rather intriguingly, provide novel evidence of responses dependent upon "predator" behavior.
REFERENTIAL SIGNALING AND SOCIALITY
The findings here assist in closing the current gap that exists regarding empirical studies of communication in socially complex bird species. Avian species have been often neglected in research regarding social complexity and the role that it plays on communicative systems, due to previous arguments assuming that only higher mammals (species with larger brains) were capable of such cognitive abilities (Dunbar 1992) . Given that several avian species (Suzuki 2016) have been demonstrated to possess functionally referential signals, it is more likely that referential systems are linked to the frequency of social interactions between individuals. Consequently, group living may lead to the evolution of a flexible, intelligent mind (Humphrey 1976; Whiten and Bryne 1997) and ultimately, a brain more capable of supporting functionally referential signals. This hypothesis is supported by a study conducted by Emery et al. (2007) , which revealed that birds in small, complex social systems (n = 5-30) have greater brain sizes relative to body size compared to birds living in either large groups (n = 200+) or those that were solitary. Additionally, it found that birds forming long-term, cooperative-breeding pairs had greater relative brain sizes in contrast to more promiscuous species.
Noisy miners possess one of the most complex social systems seen in Australian avian species, with their acoustic repertoire identified as extensive (Holt et al. 2017 ) and with additional information encoded in acoustic signals (such as individuality in terrestrial alarm calls - [McDonald 2012] ). In addition, we now understand that the alarm calls of noisy miners are functionally referential, a highly adaptive trait that demonstrates the pressures of living socially and how such pressures may have a greater influence on species communicative complexity than previously recognized. In this obligatory social bird species, we identified predator-response behaviors that correlate with those antipredatory behaviors seen in primate species, such as vervet monkeys (Seyfarth and Cheney 1990) as well as providing the second form of empirical evidence regarding functionally referential signaling in an avian species. To date, all taxa where functionally referential systems have been identified have been social animals, indicating that sociality may be a driving force for signal complexity. This study therefore provides substantial support to the research presented by Emery et al. (2007) , regarding the likelihood that long-lived bird species interacting in complex groups have social interactions (and thus cognitive abilities) similar to those often assumed to be exclusive to primates and further that cooperative behavior is likely facilitated by such complex vocal systems (McDonald 2014).
CONCLUSION
In conclusion, prey species have evolved a wide range of strategies to avoid predation. Generally, if potential preys are typically attacked by predators with a single hunting technique, then urgency-based alarm signals rather than referential signaling predominate to ensure the fastest possible responses to threats (Owings and Hennessy 1984; Macedonia and Evans 1993) . Noisy miners on the other hand are attacked by predators using a range of hunting techniques and appear to use referential signaling instead of, or in conjunction with, urgency-based alarm calls. This strategy would not only potentially increase a given individual's likelihood of survival, but also that of kin or fellow group members nearby. Our findings therefore expand the number of taxa found to meet all 3 criteria of a functionally referential alarm system and provide another correlate between sociality and complex acoustic signaling.
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